Recently high-carbohydrate, low-fat diets have been widely advocated for diabetic patients (3, 17, 20, 23, 24, 30, 36, 48, 52) . As arguments for this therapy it has been claimed that hypercholesterolemia is of grave prognosis in diabetes and that high fat diets may superinduce hyperlipemia. The following investigation was undertaken to determine the incidence of hypercholesterolemia in diabetes, to study the relation of the cholesterol level to that of fatty acids and phospholipoids in blood serum, and also to learn whether diets moderately high in fat such as are used in this clinic give rise to hyperlipemia.
Recently high-carbohydrate, low-fat diets have been widely advocated for diabetic patients (3, 17, 20, 23, 24, 30, 36, 48, 52) . As arguments for this therapy it has been claimed that hypercholesterolemia is of grave prognosis in diabetes and that high fat diets may superinduce hyperlipemia. The following investigation was undertaken to determine the incidence of hypercholesterolemia in diabetes, to study the relation of the cholesterol level to that of fatty acids and phospholipoids in blood serum, and also to learn whether diets moderately high in fat such as are used in this clinic give rise to hyperlipemia.
MATERIALS AND METHODS
The serum, from venous blood taken before the morning insulin or breakfast, of 79 different diabetic patients, 20 males and 59 females of all ages, has been examined 130 times for cholesterol, lipoid phosphorus and non-phospholipoid fatty acids by methods already described (37, 38) . The percentage errors of the analytical techniques have been discussed previously (37, 38, 40) . In almost every instance serum proteins (11) and blood sugar (4, 54) were determined simultaneously. No studies which were made when the patients were dehydrated, acidotic, pregnant, postpartum, or had been treated with intravenous injections of acacia are included.
DATA
Data are given in Table I . Insulin dosage and protein, fat and carbohydrate intake indicate the requirements and food consumption of the patient for at least four or five days previous to the blood study. Whenever there was any doubt that the diet had been followed adequately, the term " unregulated " has been used. The blood of many of these patients was examined the morning after admission to the hospital, and unless there was an exact record of the diet the regimen was condemned to the "unregulated" category. Brief protocols concerning each patient are presented at the end of the paper. Notes are included where there were evidences of hypertension or arteriosclerosis, the latter being judged by evidences of sclerosis in the eyegrounds and extremities, cardiac enlargement and decompensation. Blood pressures were observed on all patients, not always on the day of the blood study, but when the subject was neither unduly excited nor in circulatory embarrassment. In addition to the actual body weight, the impression of nutritional state is described. Any evidences of liver pathology or enlargement, or of kidney pathology, are included, but neither organ is mentioned unless an abnormality was discovered. The albumin and globulin in the serum of more than half the patients were determined. In most instances any alteration in total protein was due to a variation in albumin, but in certain cases when the albumin: globulin ratio was abnormal the concentrations of the fractions are included.
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is the same as that for males. Such an analysis shows that hypercholesterolemia in diabetes is less frequent than is generally supposed. Of the 28 patients with hypercholesterolemia all were females, except two (A8513, A10517) with liver cirrhosis, one (70975) with nephrosis, and one (A53920) with vasomotor instability, even though about 27 per cent of the patients studied were men.
Of the first nineteen patients who had hypercholesterolemia of considerable severity, all but three had complications which may have been largely or entirely responsible for the lipoid disturbance. Two (A8512 and A10517) were suffering from cirrhosis, which is notoriously associated with disorders of cholesterol metabolism (18, 55) . Four Cholesterolemia as a criterion of lipemia
In Figure 1 cholesterols have been charted against non-phospholipoid fatty acids. Immediately it is apparent that the fatty acids may bc distinctly above the normal maximum, even when the cholesterol is not. The number of cases in which this occurs is much greater than the number of cases in which a hypernormal cholesterol is associated with fatty acids within the normal range. Also the fatty acids may be within the normal range when the cholesterolemia is below normal, although normal cholesterol has not been found with subnormal fatty acids. The independence of variations in cholesterol and fatty acids has already been discussed in a previous article on diabetic acidosis (40) and is in contrast to the findings of certain other investigators (7, 9, 15, 27, 46, 47, 59) .
That the concentrations of cholesterol and lipoid phosphorus in blood serum bear a distinct relation to each other is clearly demonstrated in Figure 2 . This has already been suggested by Bloor (8) . A graphic comparison of cholesterol and total fatty acids shows only lack of correlation, like that between cholesterol and non-phospholipoid fatty acids. This might easily be deduced from a study of Figures 1 and 2 . Similarly it may be argued from these same figures that lipoid phosphorus and non-phospholipoid fatty acids may vary independently. DISCUSSION The statistical correlation between lipoid phosphorus and cholesterol in blood serum is quite close. Although the correlation between serum cholesterol and fatty acids is far less regular, there is a general tendency to correlation, which is evidenced in the fact that no markedly elevated fatty acids were found in the groups with cholesterol normal or below normal, and that fatty acids were consistently above normal in those with marked hypercholesterolemia. For these reasons generalizations in this discussion in regard to cholesterolemia and phospholipoidemia are applicable also to lipemia. No attention has been given to ratios of lipoid constituents because of the uncertainty concerning the functional relationship of the various fractions. It is not surprising in light of the differences in constitution and properties of fatty acids and cholesterol, that in spite of the general correlation between these two substances independent variations are observed. Such dissimilar substances must be metabolized by different processes. For example, a marked increase in serum fatty acids after the ingestion of food is not accompanied by a rise in serum cholesterol (2, 5, 6, 7, 13, 14, 19, 26, 33, 41) . Similarly, the increase in fatty acids in diabetic acidosis far ex-, ceeds the elevation of cholesterol (40) . In Figure 1 , in which cholesterol and non-phospholipoid fatty acids are compared, the lack of correlation is partially masked because the non-phospholipoid fatty acids have not been corrected for the fraction combined with cholesterol. In the cholesterol esters about seventy per cent of the cholesterol (10, 18, 35, 45, 55) and about half the nonphospholipoid fatty acids are chemically combined.
Our data show that hypercholesterolemia of uncomplicated diabetics did not exceed 304 milligrams per cent, and also that cholesterols between 250 and 304 milligrams per cent were only encountered in 9 of 79 diabetics. The explanation for the low incidence of hypercholesterolemia undoubtedly depends on the fact that there have been omitted from this series all diabetics with dehydration or acidosis. The justification for such omissions rests upon a previous investigation, in which it was demonstrated that dehydration was largely responsible for the hypercholesterolemia of diabetic acidosis (40) . It has been shown that the capillaries are impermeable to both serum proteins and cholesterol (39) and that hemoconcentration causes the concentration of both these constituents to increase. For example, the alleviation of dehydration of one acidotic patient (90339), when the serum proteins fell from 7.92 to 4.87 per cent, would account for a diminution of serum cholesterol from 275 to 169 milligrams per cent (40) . The relation of lipoids to proteins of serum, and consequently to blood volume, in patients without diabetic acidosis has already been considered (39, 40) . In this series, no pa-S85 tient has been included who showed clinical symptoms of dehydration or who immediately after hospitalization had a limited urine output in relation to fluid intake. Such dehydrated patients may have been included in earlier studies of diabetic cholesterolemia. Insufficient attention may also have been given to the complications which so commonly accompany diabetes.
Especial virtue has been ascribed to the determination of serum cholesterol as a measure of the severity of diabetes. When patients with obvious acidosis are excluded, as they are in this series, there is no discoverable relation between serum cholesterol and the gravity of the disease, measured either in terms of insulin requirement or carbohydrate tolerance. Most of the patients with hypocholesterolemia were extremely ill and profoundly emaciated. As a group the patients with mild hypercholesterolemia did not require excessive amounts of insulin: the maximum requirement after regulation was 45 units daily, one (A53097) required no insulin, two (33580, A9452) required only 10 units of insulin daily, and two (A30212, A31035) 25 units; while in the group with normal cholesterols were 29176 taking 100 units of insulin daily, 45815 using 85 units of insulin, A30940 using 80 units, 83896 using 65 units and A42040 on 55 units. (12) have found that high-fat, high-calorie diets, productive of obesity, are not associated with increases in plasma cholesterol. The tendency to obesity of the nine subjects with slightly elevated cholesterols must be considered as peculiar to the individual rather than as the result of a large fat intake. It seems probable that these cholesterols between 250 and 304 milligrams per cent are more closely related to the sex and body build (22, 51, 59) than to the diabetic condition. Bruger and Poindexter, while studying cholesterolemia in relation to 94 patients who were more than twenty per cent overweight, had in their series only 4 males, but 90 females (.12). This seems to indicate that an unusual lipoid metabolism, one manifestation of which is an elevation in serum cholesterol, may be associted with a particular form of obesity often observed in females.
Cachexia has long been thought to be accompanied by a low level of cholesterolemia. The finding that all of the patients with hypocholesterolemia were extremely emaciated and had low serum albumin indicates a distinct relation between nutrition and the level of serum cholesterol. To demonstrate the converse, that all emaciated patients have a low cholesterol, is more difficult because the degree of emaciation is hard to define and it is difficult to differentiate a person of lean build who has lost a little weight from a subject with more pronounced tissue wasting. For example, A33706, with a serum cholesterol of 236, was extremely thin but showed no muscular wasting. In spite of her undernourished appearance the serum albumin was 4.50 per cent, although it has already been shown that severe emaciation is attended by a diminution in serum albumin (44) .
Again, 61682 was extremely thin but was of a spare physique and had a serum cholesterol of 170 milligrams per cent and an albumin of 4.14 per cent, both within the normal range. In the hypercholesterolemia group there are two patients (A30304, A32114) with profound emaciation who had cholesterols above normal when the wasting was most pronounced. Some unrecognized factor may here affect the cholesterolemia, just as some unrecognized factors produce hypercholesterolemia in nephrosis even when there is profound malnutrition.
On account of conflicting observations (1, 21, 31, 32, 34, 43, 50, 53) in regard to cholesterolemia and arteriosclerosis, the clinical picture of every diabetic in Figure 1 was scrutinized to evaluate the degree of vascular degeneration. Lipoid values and blood pressure were also compared. It was found that severe arteriosclerosis, with or without hypertension, was evident in patients with serum cholesterols normal, below normal and above normal.
In all problems connected with diabetes a distinction must be drawn between those phenomena which are associated only with the disturbance of carbohydrate metabolism and those which are characteristic of the underlying disease. This is the more necessary since it has become evident that the pancreas alone need not be held responsible for all cases of diabetes. From this point of view the chief impression derived from this study is that abnormalities of serum lipoids are related loosely, if at all, to diabetes. Certainly hyperlipemia and hypercholesterolemia are not a regular part of the diabetic syndrome and, when they do occur, cannot be connected with the inherent severity of the disease, measured by any recognized criteria. In diabetic acidosis a relative or absolute hyperlipemia is regularly observed, which diminishes or disappears with the acidosis. It was pointed out in an earlier communication (40) that this hyperlipemia is largely, but not entirely, a product of hemoconcentration. During recovery, the reductions of the various lipoid fractions were not exactly proportional to one another nor to the fall of serum proteins. This suggested that these fractions were influenced in part, and to different degrees, by something other than hemoconcentration. In general, the relative magnitudes of the reductions took the following order: nonphospholipid fatty acids > phospholipids > cholesterol > protein. This is the order of importance conventionally ascribed to these components in fat metabolism. The increases in excess of the effects of hemoconcentration may, then, represent merely the mobilization of fat to meet an emergency demand in a condition in which utilization of carbohydrate is reduced to a minimum, if not abolished.
The patients considered in this paper were studied in conditions in which, although carbohydrate tolerance was impaired, they were utilizing sugar. To be sure the actual proportion of carbohydrate in the metabolic mixtures was less than that in the ordinary dietary of normal persons. But this would seem to have had little influence upon lipemia, since this cannot be correlated with diet in any respect. The amount of carbohydrate presumably burned was no greater among those with hypolipemia than among the hyperlipemic. In treated diabetics, then, it would seem necessary to seek the causes of disturbances of lipemia in peculiar features of the individual patterns of the underlying disease. In a certain proportion, adequate explanations for hyperlipemia can be found in complications or associated diseases such as cirrhosis of the liver, nephrosis or other renal disorders.
When these are eliminated it is found that most of the remainder with greatly elevated lipoids fall into a group that presents one common feature, which may be roughly spoken of as instability of the autonomic nervous system. This is reflected also in instability of carbohydrate tolerance, which baffles regulation of insulin and diet. In this class belong particularly the 10 cases (A9255 to 1898, inclusive). To define the syndrome further is impossible. The basal metabolism was frequently above normal. In some instanees it failed to respond to iodine; in others it changed but little after thyroidectomy. But these were not common characteristics of all cases. For example, under iodine therapy the basal metabolism of A53920 fell from + 30 to + 16 per cent, suggesting simple hyperthyroidism. Nevertheless, in this case, as in all the others, most of the stigmata of hyperthyroidism were lacking. Moreover, the association of hyperlipemia with hyperthyroidism is strangely at variance with the claims of Hurxthal (28, 29) and others that serum cholesterol is regularly low in this condition.
Of course, it is conceivable that the hyperlipemia in patients with especially unstable carbohydrate metabolism is referable to a mobilization of fat, similar to that in diabetic acidosis. In both instances carbohydrate metabolism is impaired, the difference being in degree rather than in kind of dysfunction. One argument against this explanation for the hyperlipemia of diabetics with disturbances of the autonomic nervous system is that a non-diabetic patient (98201), with a basal metabolism of + 20 per cent 4 months after thyroidectomy and with the same nervous symptoms as A9255 to 1898 (inclusive), had a serum cholesterol of 532 milligrams per cent and total fatty acids of 44.9 milliequivalents. The hyperlipemia here can not be associated with mobilization of fat, contingent upon impairment of carbohydrate metabolism. There is much temptation to place the onus upon the pituitary, since extracts of this gland both diminish carbohydrate tolerance and augment thyroid activity. One case, indeed, had acromegaly. Moreover, in another acromegalic, without any demonstrable disturbances of carbohydrate tolerance or basal metabolism, serum cholesterol of 302 mgm. per cent and total fatty acids of 18.8 m.eq. were discovered. However, in the great majority of cases, it was impossible to implicate the pituitary. In some there were symptoms pointing to affections of the midbrain (Parkinson's syndrome, diabetes insipidus, etc.), and the nature and degree of autonomic instability in many was suggestive of hypothalamic lesions. It is possible that in the acromegalic cases also the hyperlipemia was referable not directly to the tumor of the pituitary and hyperactivity of the acidophilic cells but to encroachment of these tumors upon subjacent structures in the mid-brain. All this must remain mere speculation until the effects of hypophysis and mid-brain on lipoid metabolism are established, either by direct experiment or by studies of more extensive clinical material. An investigation of both diabetic patients and non-diabetic patients with comparable disorders of the autonomic system is now under way.
Serum has been analyzed for lipoids in 79 diabetic patients, 20 males and 59 females, who were not suffering from acidosis or dehydration. Cholesterol was normal in 42, below normal in 9, above normal in 28.
Cholesterolemia and phospholipoidemia were closely correlated. The correlation with serum fatty acids was less exact, but gross changes in one component were reflected in the others.
Reasons for the low incidence of hyperlipemia in this series are discussed.
The level of serum cholesterol did not appear to be related to the severity of diabetes, the fat in the diet or the degree of arteriosclerosis.
Hypocholesterolemia was associated with extreme malnutrition and hypoproteinemia.
Mild hypercholesterolemia was observed in obese females, but appeared to be related to the pattern of obesity rather than the diet.
Severe 
